To identify emerging Escherichia coli that have the potential to cause diarrhea in pigs, the prevalence of E. coli pathotypes was determined among 170 and 120 isolates from diarrheic and nondiarrheic piglets, respectively. The isolates were tested for F4, F5, F6, F18, and F41 fimbriae, for E. coli attaching and effacing (EAE), porcine attaching and effacing-associated (Paa), and adhesin involved in diffuse adherence (AIDA-I) factors, for LT, STa, STb, and enteroaggregative heat-stable (EAST1) enterotoxins, and for Shiga toxins (Stx1, Stx2, and Stx2e), using DNA hybridization and polymerase chain reaction. All isolates were Oserotyped and tested for antibiotic resistance against 10 drugs. Seventeen different pathotypes, accounting for 40.0% of the isolates, were recovered from diarrheic piglets. The main pathotypes included EAST1 (13.5%), F4/LT/STb/EAST1 (6.5%), AIDA-I/STb/EAST1 (4.1%), F5/STa (2.9%), EAE/EAST1 (2.9%), and AIDA-I/F18 (2.3%). Only 3 pathotypes, EAE (11.7%), EAST1 (10.8%), and EAE/EAST1 (3.3%), were recovered from nondiarrheic piglets. Paa factor was detected in 8.8% and 7.5% of isolates from diarrheic and nondiarrheic piglets, respectively, and always was associated with other virulence determinants. Overall, 22.9% of isolates from diarrheic piglets appeared to be enteropathogens: enterotoxigenic E. coli (11.7%), enteropathogenic E. coli (3.5%), and E. coli isolates (3.0%) for which none of the above adherence factors was detected. Pathotypes AIDA-I/STb/EAST1 and AIDA-I/STb were isolated only from diarrheic piglets and accounted for 4.7% of isolates. Strains of these pathotypes induced diarrhea when inoculated into newborn colostrum-deprived pigs, in contrast to an isolate positive only for EAST1, which did not induce diarrhea. Antibiotic sensitivity test showed that isolates of the AIDA-I/STb/EAST1 and AIDA-I/STb pathotypes were the only strains sensitive to enrofloxacin, gentamicin, neomycin, and trimethoprim-sulfamethoxazole. This study showed that at least 20.5% of isolates from diarrheic piglets appeared to be associated with AIDA-I/STb pathotype and that EAST1 pathotype is probably not an important marker for diarrhea in piglets.
Diarrhea remains an important cause of morbidity and mortality in livestock and is one of the most common diseases of suckling and postweaning piglets worldwide. Among preweaning diseases in swine, diarrhea has the highest morbidity and is responsible for approximately 10.8% of preweaning mortality in certain geographic regions. 29 Infection can occur at any time during suckling, but the highest incidence of disease occurs during the first 3-5 days of life. Enterotoxigenic E. coli (ETEC) has been commonly incriminated as one of the most important etiological agents of the disease. 8 In addition, other groups of E. coli such as Shiga toxin-producing E. coli (STEC) and enteropathogenic E. coli (EPEC) are also important enteric pathogens in piglets. Strains of ETEC express F4, F5, F6, F18, or F41 fimbriae and can produce heat-labile (LTI and LTII) or heat-stable (STa [or STI] and STb [or STII]) enterotoxins (or both). 8 Strains of STEC, of which enterohemorrhagic E. coli is a subset, express the E. coli attaching and effacing (EAE) factor From the Prairie Diagnostic Services (Ngeleka) and Department of Veterinary Pathology (Pritchard, Appleyard, Middleton), Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, Saskatchewan S7N 5B4, Canada, and the GREMIP, Faculté de médecine vétérinaire, Université de Montréal, St-Hyacinthe, Quebec J2S 7C6, Canada (Fairbrother). and produce the Shiga toxins 1 and 2 (Stx1 and Stx2) associated with hemorrhagic colitis and hemolytic uremic syndrome in humans. 10 F18 fimbriae-positive strains may produce a Shiga toxin variant (Stx2e) and are thus referred to as porcine STEC, responsible for edema disease, or they may produce enterotoxins and are referred to as ETEC, causing postweaning diarrhea. 8 Strains of EPEC produce the EAE adhesin encoded by a gene located in a pathogenicity island named locus of enterocyte effacement. 10 Some of these isolates from humans are further characterized by the expression of ''localized adherence'' (LA) to Hep-2 cells in vitro, corresponding to the phenotype closely associated with a surface appendage referred to as ''bundle-forming pili''. 10 Although many E. coli isolates originally classified as EPEC are negative for EAE factor and LA, they exhibit a pattern of diffuse adherence (DA) to Hep-2 cells, distinguishing them as a separate diarrheagenic group known as the diffusely adhering E. coli (DAEC), isolated mainly from diarrheic infants. 14 Isolates of this group express various fimbrial and nonfimbrial adhesins, such as F1845, CF16K, a 57-kD adhesive protein, and the adhesin involved in diffuse adherence (AIDA-I). 4, 6, 14, 33 AIDA-I is an autotransporter system requiring the production of a 100-kD mature protein, which is responsible for bacterial attachment to related receptors on the host epithelial cells. 28 Although originally detected in E. coli isolates from humans with diarrhea, the AIDA-I system has also been detected recently in E. coli strains isolated from pigs with edema disease and postweaning diarrhea. 21 In addition to the EAE factor, porcine EPEC possess a 27.6-kD protein-encoding gene named porcine attaching and effacing-associated (Paa) factor, which seems to be involved in the attaching and effacing (AE) activity of isolates in vitro. 1 However, the role of Paa in the pathogenesis of diarrhea needs to be determined.
The expression and production of the various virulence determinants, described above, enable the different groups of E. coli to attach to the host intestinal epithelial cells, usually by means of fimbriae or other adhesins. This attachment leads to bacterial proliferation in the intestinal tract and induction of diarrhea, often as the result of toxin action on enterocytes.
During the last few years, it has not been possible to determine the etiological agent involved in an increasing number of suspected cases of enteric colibacillosis in piglets by standard slide agglutination techniques using sera specific for known fimbrial adhesins. In addition, recent studies have reported an increasing number of E. coli isolates from piglets with diarrhea that were positive for ETEC-related toxins but negative for known classical fimbrial adhesins. 15, 22, 23 These results have led to the speculation that there exists an emerging group of diarrheagenic E. coli in piglets. Other reports have further suggested a potential role for enteroaggregative E. coli (EAggEC), of which enteroaggregative heat-stable enterotoxin 1 (EAST1) may represent an important virulence determinant in the pathogenesis of diarrhea in piglets. 7 Strains of the EAggEC group have been associated with an episode of persistent diarrhea in children, and they exhibit an aggregative adherence pattern in cultured human epithelial cells in vitro. 30 This phenotype is attributed to the aggregative adherence fimbriae I, the gene of which is closely linked to the EAST1 gene. 25, 26, 32 The objectives of the present study were therefore to 1) determine the prevalence of E. coli pathotypes among diarrheic and nondiarrheic piglets, by using DNA hybridization and polymerase chain reaction (PCR), to identify potential emerging diarrhea-causing pathotypes, 2) examine the ability of relevant pathotypes to induce diarrhea in newborn pigs, and 3) determine an antibiotic sensitivity profile for these isolates.
Materials and methods
Specimen collection and bacterial culture. A total of 290 E. coli isolates were recovered from fecal swabs, feces, or small intestine of diarrheic (170 isolates) and nondiarrheic (120 isolates) piglets, collected from different farms in western Canada (Saskatchewan and Alberta) during 2000 and 2001. The age of the animals varied from 2 days to 8 weeks for diarrheic and from newborn to 1 week for nondiarrheic pigs. The specimens were cultured on blood agar and MacConkey agar plates a and incubated for 18 hours at 37 C in the presence of 5% CO 2 . Bacterial colonies were examined for cultural characteristics (i.e., mucoid or not, ␤-hemolysis, lactose fermentation), and at least 5-10 identical E. coli-like colonies, from a specimen, were collected and pooled. Escherichia coli was identified using standard biochemical tests for identification of Enterobacteriaceae. 16 The isolates were stored in Tryptic Soy Broth b containing 25% glycerol at Ϫ70 C for further characterization studies.
DNA probes and colony hybridization. All probes were PCR derived 9 and were generated using the oligonucleotide primers listed in Table 1 . Bacterial isolates were grown in Luria Bertani (LB) broth b for 6 hours at 37 C, spotted on LB agar, b and incubated for 12 hours at 37 C. Colonies were transferred to nitrocellulose membranes c and were prehybridized, hybridized, and washed under high stringency conditions. 21, 24 Polymerase chain reaction. Oligonucleotide primers for the detection of different virulence-associated genes are listed in Table 1 . All oligonucleotides d were diluted to 20 pmol/l and stored at Ϫ20 C. Bacterial DNA amplification was performed in 50 l (total volume) of sterile, distilled water containing 2 l of bacterial lysates (ϳ100 g DNA/ml), 0.2 M of each deoxynucleoside triphosphate, 2.5 M of MgCl 2 , 40 pmol of each oligonucleotide primer, 0.5 l 10ϫ PCR buffer, and 1.25 U of Taq polymerase. d The mixture was covered with mineral oil, and the reaction was denatured at 94 C for 3 min in a thermal cycler. e The DNA was further amplified using a denaturing step at 94 C for 30 sec, annealing of primers at 60 C for 30 sec, and extension at 72 C for 30 sec, for a total of 35 cycles, followed by a 5-min extension step at 72 C. Control DNA samples from reference strains were included in each reaction ( Table 1 ). The PCR product was observed after electrophoresis on 1.2% agarose gel and staining with ethidium bromide. The results were recorded using an Alpha Imager documentation camera. f O-serotyping. Somatic O-antigen was determined using O-antisera produced in rabbits by standard techniques. 11 O-serotyping was performed by the slide agglutination test.
Experimental infection of newborn pigs. Pathogenicity of selected E. coli isolates was determined by experimental inoculation of colostrum-deprived newborn pigs. Groups of 2 piglets each were kept in environmentally controlled containment rooms cleaned with a disinfectant g to minimize bacterial contamination. Six hours after birth, a rectal swab was taken from each piglet and cultured aerobically on blood agar and MacConkey agar a Osek 23 Osek 23 this study Imberechts et al. 13 Osek 23
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for preinoculation bacterial evaluation. The piglets were inoculated using a stomach tube with 1 ml of bacterial culture containing approximately 10 9 colony-forming units per milliliter diluted in 10 ml (total volume) of 0.1% peptone water. b An ETEC strain PD-30 of the F4/ LT/STb/EAST1/Paa pathotype or 10 ml of 0.1% peptone water b were used as positive control and negative control, respectively. The piglets were observed every 4 hr and were euthanized h at the onset of diarrhea or at the end of the experiments, 48 or 72 hr after inoculation. At necropsy, any gross lesions were noted, and samples were collected at 10 different regions along the intestinal tract (specifically duodenum; upper, mid, and lower jejunum and ileum; cecum, upper colon, and apex of spiral colon) for histology examination. A section of the ileum was cultured for isolation of the infecting organism, the pathotype of which was confirmed using PCR. The animals were handled according to the guidelines outlined in The Guide to the Care and Use of Experimental Animals of the Canadian Council on Animal Care.
Histopathology. The intestinal samples were fixed in 10% neutral-buffered formalin, processed routinely, embedded in paraffin blocks, and sectioned at 4 m. Sections were stained with hematoxylin and eosin and with Brown and Brenn-modified Gram stain for histopathology and bacterial examination, respectively. 18 Antibiotic sensitivity test. Sensitivity of isolates to 10 antimicrobial agents was determined by the standard disk diffusion technique. 2 Selection of disk concentrations and interpretation of zone diameter were done as recommended by the manufacturers a,b and by the National Committee for Clinical Laboratory Standards. 19 The following antimicrobial agents and disk potencies (g) were used: apramycin (AP, 15 g), ceftiofur (XNL, 30 g), enrofloxacin (ENO, 5 g), gentamicin (GM, 10 g), neomycin (N, 30 g), spectinomycin (ADS, 100 g), tetracycline (TE, 30 g), tiamulin (TM, 30 g), tilmicosin (TIL, 15 g), and sulfamethoxazole-trimethoprim (SXT, 23.75-1.25 g). 
Results

Prevalence of E. coli pathotypes
Among the 170 E. coli isolates from diarrheic piglets, 17 different pathotypes, accounting for 40.0% of the isolates, were recovered. The main pathotypes were EAST1 (13.5%), F4/LT/STb/EAST1 (6.5%), AIDA-I/STb/EAST1 (4.1%), F5/STa (2.9%), EAE/ EAST1 (2.9%), and AIDA-I/F18 (2.3%). Minor pathotypes included AIDA-I and STb (1.2% each), AIDA-I/STb, AIDA-I/EAE/EAST1, F4/LT, F4/STa, F5/STa/ STb, F5/F6/STa, LT, LT/STb/EAST1, and STb/ EAST1, accounting for 0.6% each ( Table 2 ). Sixty percent of the isolates were negative for the tested virulence determinants. Among the 120 E. coli isolates from nondiarrheic piglets, only 3 pathotypes EAE (11.7%), EAST1 (10.8%), and EAE/EAST1 (3.3%) were recovered (Table 2 ). Paa was detected in 8.8% and 7.5% of isolates from diarrheic and nondiarrheic piglets, respectively. In diarrheic piglets, this factor was mostly found in the ETEC isolates of the F4/LT/ STb/EAST1 pathotype belonging to serogroup O149 (63%) and the F5/STa pathotype (100%) and in the EPEC isolates of the EAE/EAST1 pathotype (60%) ( Table 2 ). In nondiarrheic piglets, Paa was present in all isolates of the EAE/EAST1 pathotype (also recovered from diarrheic piglets) but was less frequent in isolates of the EAE (28%) and EAST1 (7.7%) pathotypes. Interestingly, Paa was always associated with other virulence determinants, including EAST1, in isolates recovered from both diarrheic and nondiarrheic piglets, suggesting that this factor may play a role in the pathogenicity of the pig ETEC and EPEC isolates.
Overall, 22.9% of the E. coli isolates from diarrheic piglets were considered enteropathogen, based on the presence of DNA-related sequences for enterotoxins (LT, STa, STb) or adherence factors (F4, F5, F6, EAE, and AIDA-I) (or both) in the isolates. Strains of ETEC accounted for 11.7%, EPEC for 3.5% (including the isolate of AIDA-I/EAE/EAST1 pathotype), and 3.0% of isolates belonged to pathotypes, which were negative for the tested adherence factors (Fig. 1 ). In addition, 4.7% of isolates showed distinctive pathotypes AIDA-I/STb/EAST1 and AIDA-I/STb, which were recovered only from piglets with diarrhea in different farms of the region ( Table 2 ; Fig. 1 ). The majority (62.5%) of isolates of these 2 pathotypes was recovered from piglets up to 1 week of age. However, other isolates, mainly of the AIDA-I/STb/EAST1 pathotype, were recovered from 3-, 6-, and 8-week-old pigs (results not shown), suggesting that E. coli isolates of the 2 pathotypes may be involved both in neonatal and postweaning diarrhea of pigs. Except for isolates possessing F4-related DNA sequence, cultural characteristic such as ␤-hemolysis did not seem to be associated with any other particular pathotypes.
E. coli O-serotyping
Various O-serogroups were detected among the different E. coli pathotypes; however, only major serogroups, i.e., serogroups for which more than 1 isolate was detected within a pathotype, are reported in Table  2 . Two of the 7 isolates of the AIDA/STb/EAST1 pathotype belonged to serogroup O7/O157 and 1 isolate to serogroup O132.
The single isolate of the AIDA/STb pathotype belonged to serogroup O131/O143. Most of the ETEC isolates (80%) were typable, and among these, the 11 isolates of the F4/LT/STb/EAST1 pathotype belonged to serogroup O149. Single O-serogroups, including O6 (pathotype F4/STa), O9 and O71/O123 (both F5/STa pathotype), O8/O60 (F5/STa/STb), and O101 (F5/F6/ STa), were also identified. Four of the 5 isolates of the EAE/EAST1 pathotype from diarrheic pigs belonged to serogroups O26/O69 (2 isolates), and O7 and O108 (1 isolate each). The 4 isolates of the AIDA/F18 pathotype belonged to the serogroups O139 (1 isolate) and O141 (3 isolates), which are usually associated with E. coli causing edema disease, 8 although no toxins were demonstrated in the respective isolates ( Table 2 ; Fig. 1 ). Various serogroups, including O103 (3 isolates), O108 (3), O109/O119 (2), O15/O45 (1), and O71/O114 (1), were detected among the isolates of the EAE pathotype from nondiarrheic piglets. Serogroups O22 (2 isolates) and O20/O22 (1) were identified among the 4 isolates of the EAE/EAST1 pathotype, also from nondiarrheic pigs. Finally, 34.7% of isolates of the EAST1 pathotype from diarrheic and 61.5% from nondiarrheic piglets were typable. However, except for serogroup O21 (2 isolates) from nondiarrheic piglets, no major serogroup was detected among the isolates of this pathotype. Single serogroups namely O4, O4/O18/O23, O20, O23, O71/O114, O88, O101, and O112 were found in isolates of the EAST1 pathotype from diarrheic piglets, whereas serogroups O2, O7/O157, O8/O60, O15/O45, O20, O21 (2 isolates), and O73 were found in nondiarrheic animals. Among the different serogroups, O7/O157 was detected simultaneously in both diarrheic and nondiarrheic piglets, although these isolates belonged to different pathotypes, AIDA-I/STb/EAST1 and EAST1, respectively. Similarly, serogroup O71/O114 was detected in the EAST1 and EAE pathotypes and serogroup O108 in the EAE/EAST1 and EAE pathotypes from both diarrheic and nondiarrheic piglets, respectively. Thus, except for serogroup O149 of the F4/LT/STb/EAST1 pathotype, these observations suggest that certain serogroups of E. coli may be related to diarrhea, depending on the presence of other virulence determinants, whereas other serogroups may not.
Experimental infection of newborn pigs
Clinical observations and bacteriology. Piglets inoculated with an ETEC isolate of the F4/LT/STb/ EAST1/Paa pathotype, used as positive control, showed clinical signs of diarrhea 4 hours after infection (Table 3 ). Piglets inoculated with isolates of the AIDA-I/STb/EAST1 or AIDA-I/STb pathotype also showed clinical signs of diarrhea but later, at approximately 20 hours after infection. In contrast, piglets inoculated with a strain of the EAST1 pathotype, isolated from a diarrheic piglet, remained unaffected up to 72 hours after the infection. Similarly, piglets inoculated with peptone water (used as negative control) did not show any signs of diarrhea up to 48 hours after inoculation, at which time they were euthanized. With respect to the selected EPEC isolates from nondiarrheic animals, piglets inoculated with strains of the EAE or EAE/EAST1/Paa pathotype also developed clinical signs of diarrhea at 12 and 16 hours after infection, respectively (Table 3 ). In all experimental infections, there was no evidence of bacterial colonization of the gastrointestinal tract of piglets before bac- terial inoculation, as determined by rectal swab cultures taken before infection of animals. Cultures of the ileum of all infected piglets yielded heavy growth of bacteria, and the presence of the appropriate challenge E. coli strain was confirmed by PCR (data not shown).
These results suggest that E. coli isolates of the AIDA-I/STb/EAST1 and AIDA-I/STb, rather than the EAST1, pathotypes may be considered significant agents of diarrhea in piglets. In addition, production of diarrhea with EPEC strains, which are EAE ϩ , EAST1 ϩ , Paa ϩ or EAE ϩ , Paa Ϫ , suggests that the Paa factor may not be necessary for full pathogenicity. Also, the nondiarrheic piglets from which the EAE/ EAST1/Paa or the EAE pathotype was isolated may be asymptomatic carriers and might have developed diarrhea later, after specimen collection. Histopathology. Examination of intestinal sections by light microscopy did not reveal any significant histological changes in the small and large intestinal mucosa of piglets inoculated with E. coli of the AIDA-I/ STb/EAST1, AIDA-I/STb, or EAST1 pathotype. In the piglets inoculated with the AIDA-I ϩ isolates, high numbers of predominantly gram-negative rods were associated with the mucus layer and were also in close contact with the brush border of the epithelial cells of the ileum, cecum, and colon ( Fig. 2A) . In piglets inoculated with E. coli of the EAST1 pathotype, there were also high numbers of bacteria in the lumen of the ileum, cecum, and colon. In contrast to the AIDA-I ϩ isolates, however, the majority of bacteria of the EAST1 pathotype was associated with the mucus layer, and only a few bacteria appeared to be in close contact with the intestinal epithelial cells (Fig. 2B) . Sections from piglets inoculated with the positive control ETEC strain or with the EPEC strains from nondiarrheic pigs showed high numbers of bacteria attached to the intestinal brush border (results not shown). These observations suggest that intestinal epithelial cells of piglets probably possess more receptors specific for the AIDA-I factor than for any attachment factors possibly expressed by isolates of the EAST1 pathotype.
Antibiotic sensitivity test
The isolates from diarrheic piglets were more frequently resistant to the tested antimicrobial agents, except for neomycin, than isolates from nondiarrheic piglets (Table 4 ). Among isolates from diarrheic piglets, no antibiotic resistance was detected to enrofloxacin, and a relatively low level of resistance was observed to ceftiofur (3.7%), apramycin (9.3%), and gentamicin (9.3%). In contrast, the isolates from nondiarrheic piglets showed no resistance to enrofloxacin and ceftiofur but showed a low level of resistance to apramycin (2.6%) and gentamicin (1.7%). Overall, more than 95% of isolates from diarrheic and nondiarrheic piglets showed resistance to tetracycline (98%), tiamulin (95%), and tilmicosin (97%) (results not shown). Among the ETEC strains, all isolates were sensitive to ceftiofur and enrofloxacin, and moderate level of resistance was observed to gentamicin (10%) and apramycin (15%) ( Table 4 ). Isolates of the AIDA-I/STb/ EAST1 and AIDA-I/STb pathotypes were sensitive to a greater number of antimicrobial drugs, including enrofloxacin, gentamicin, and neomycin, and were the only isolates sensitive to trimethoprim-sulfamethoxazole. A moderate level of resistance was observed to apramycin and ceftiofur (11.1% each). The few EPEC isolates from diarrheic piglets were sensitive to apramycin, ceftiofur, and enrofloxacin but showed a relatively high level of resistance (20%) to gentamicin, neomycin, and trimethoprim-sulfamethoxazole. When all EPEC isolates from diarrheic and nondiarrheic piglets were grouped together, they were still sensitive to apramycin, ceftiofur, and enrofloxacin but showed a low level of resistance (4.3%) to gentamicin.
Discussion
This study showed that approximately 22.9% of E. coli isolates from diarrheic piglets could be considered enteropathogens and that 20.5% of these appeared as new E. coli pathotypes AIDA/STb/EAST1 and AIDA/ STb. Selected isolates of these pathotypes attached to the intestinal epithelial cells and induced diarrhea in experimentally infected piglets, suggesting a role for the AIDA-I factor in the pathogenesis of diarrhea in piglets. In contrast, the EAST1 pathotype was common among E. coli isolates from both diarrheic and nondiarrheic piglets. An isolate of this pathotype attached to intestinal epithelial cells, although to a lesser extent than did the AIDA-I ϩ isolates, and failed to induce diarrhea in piglets, suggesting that EAST1 alone is probably not a significant marker for pathogenic E. coli isolated from piglets with diarrhea. Paa was detected in a similar proportion from diarrheic and nondiarrheic piglets but was always associated with other virulence determinants in both cases, suggesting that this factor may contribute to the pathogenicity of related isolates. Antibiotic sensitivity testing showed that isolates of the AIDA-I/STb/EAST1 and AIDA-I/STb pathotypes were frequently sensitive to enrofloxacin, gentamicin, neomycin, and trimethroprim-sulfamethoxazole, suggesting that these drugs may be useful for treatment of related infections. Enteric colibacillosis in piglets results in large economic losses to the pig industry. Different groups of E. coli, including ETEC, STEC, and EPEC, have been associated with induction of diarrhea and other disease syndromes in neonates and weaned pigs. The pathogenesis of diarrhea caused by E. coli isolates of these different groups in piglets is fairly well understood. 8 It is commonly accepted that these isolates produce virulence-associated factors, of which fimbriae or other adhesins play a crucial role in the early stages of infection. Strains of ETEC affecting domestic animals, for example, express one or more of the F4, F5, F6, F18, and F41 fimbriae that promote attachment of the bacteria to the intestinal epithelial cells of the host. Furthermore, these bacteria produce heat-labile (LT) or heat-stable (STa, STb) enterotoxins (or both), which are the principal inducers of diarrhea. 8 Strains of STEC have been closely associated with the presence of F18 fimbriae and with the production of Shiga toxin 2 variant (Stx2e) involved in edema disease. 8 Isolates of EPEC produce EAE factor, which induces intimate attachment of the bacteria to the intestinal epithelial cells, leading to the effacement of microvilli of the brush border, and further, to disruption of the cellular cytoskeleton. 10, 34 Some of these isolates possess Paa gene, which seems to contribute to the AE activity in vitro. 1 With the increasing number of undiagnosed but suspected cases of enteric colibacillosis in piglets over the last few years, however, there has been a high degree of suspicion that an emerging group of pathogenic E. coli may be involved in induction of diarrhea in pig-lets. A group of pathogenic E. coli, referred to as DAEC, has been isolated from children with diarrhea. 4 Isolates of this group adhere evenly (DA) to the whole surface of Hep-2 cells in vitro by means of attachment factors such as fimbrial antigen F1845, CF16K antigen, a 57-kD adhesive protein, and AIDA-I. 4, 6, 14, 33 This last factor is a 100-kD autotransporter, outer membrane protein, synthesized through a precursor molecule AI-DA c and further processed into a mature form of adhesin identified in E. coli isolates from infants with diarrhea and, recently, from pigs with edema disease. 4, 21 Niewerth et al. 21 report that the AIDA-I factor is more prevalent in porcine E. coli isolates (26%) than in human isolates (2% to 4%), suggesting that pig may be the reservoir for AIDA-I ϩ E. coli. In this study, the AIDA-I-associated gene was detected alone, in association with EAST1 or STb enterotoxins (or both), or with other adhesins, specifically the F18 fimbriae or EAE factor, in approximately 8.8% of isolates ( Fig. 1) . Isolation of AIDA-I ϩ E. coli predominantly from 1week-old pigs rather than from older pigs with diarrhea, and bacterial colonization of the intestinal epithelial cells along with induction of diarrhea in newborn pigs infected with either AIDA-I/STb/EAST1 or AIDA-I/STb isolate, suggests that AIDA-I may be an important factor in the development of neonatal diarrhea in these pigs. Moreover, isolation of the AIDA-I/ STb/EAST1 pathotype from 3-to 8-week-old pigs, although only in a small proportion (37.5%), suggests that this pathotype may also be involved in postweaning diarrhea in pigs. It may be interesting, however, to assess the prevalence of such pathotypes in nondiarrheic animals of the same age group.
Four isolates positive for the AIDA-I factor were also positive for F18 fimbriae (AIDA-I/F18 pathotype). Although all these isolates belonged to either the O139 or O141 serogroup, they were all negative for Stx2e, contrasting with previous results. 21 Nevertheless, the present results suggest that such isolates are probably derived from edema disease-producing E. coli and have lost the Stx2e factor but are still involved in diarrhea in piglets, probably through the presence of the AIDA-I and other undetermined factors.
Other researchers have suggested that EAST1-producing E. coli may be an important cause of diarrhea in piglets. 7 EAST1 is a plasmid-mediated, low-molecular weight, partially heat-stable enterotoxin closely associated with EAggEC isolated from children with persistent episodes of diarrhea. Escherichia coli producing this enterotoxin, however, also has been isolated in relatively high numbers from the stools of asymptomatic children. 25, 26, 30 Although the EAST1 enterotoxin is highly homologous to the heat-stable enterotoxin-a (STa) of ETEC and demonstrates similar enterotoxic activity on rabbit intestinal cells in vitro, the 2 enterotoxins differ from each other genetically and immunologically. 25, 26 In contrast to the situation with STa, the gene for EAST1 appears to be ubiquitous and is apparently not restricted to EAggEC in humans but also has been detected in E. coli of different pathogenic groups isolated from various animal species, including calves and piglets. 5, 7, 26, 32 The EAST1 gene of porcine ETEC isolates, however, appears to be more divergent from the EAST1 gene of EAggEC than is the EAST1 gene of human ETEC isolates, suggesting development of host specificity or host-dependent activity of the enterotoxin. 32 Nevertheless, the present study has shown that newborn pigs infected with an E. coli isolate of the EAST1 pathotype did not manifest any signs of diarrhea up to 72 hours after inoculation. In addition, detection of EAST1 gene in a similar proportion of isolates from both diarrheic and nondiarrheic piglets suggests that EAST1, when expressed alone, is probably insufficient to cause diarrhea in piglets. Induction of diarrhea in animals experimentally infected with an AIDA-I ϩ , STb ϩ , EAST1 ϩ or AIDA-I ϩ , STb ϩ , EAST1 Ϫ strain provides further evidence that EAST1 may not play a significant role in the pathogenesis of diarrhea in piglets.
Among isolates of the EPEC group, the EAE/ EAST1 pathotype was detected from both diarrheic and nondiarrheic pigs and the EAE pathotype only from nondiarrheic piglets. In contrast to the isolate of the EAST1 pathotype, however, an isolate of the EAE/ EAST1 pathotype (also Paa ϩ ) induced diarrhea when inoculated into newborn pigs, although this isolate originated from a nondiarrheic piglet. Similarly, an isolate of the EAE pathotype (Paa Ϫ ) also induced diarrhea in piglets. Isolates positive for EAE have been frequently recovered from asymptomatic pigs (Fairbrother et al.: 1994, 13th IPVS, abstract, p. 212). In this study, however, induction of diarrhea in newborn pigs inoculated with isolates of either the EAE/EAST1 or EAE pathotype from nondiarrheic animals suggests that certain pigs may be asymptomatic carriers of such E. coli isolates. Thus, it is possible that piglets carrying the EAE/EAST1 or EAE isolate may develop diarrhea only under certain conditions such as lack of maternal immunity (as in experimental infection in this study), stress, or change of diet.
Paa-related gene was also detected in isolates from both diarrheic and nondiarrheic piglets, mostly in the ETEC isolates of the former group, especially of serogroup O149, and in the EPEC isolates of both groups of piglets. The finding that Paa was always associated with other virulence determinants in these isolates may suggest a role for this factor in the pathogenicity of related strains. Paa has been frequently detected in porcine EPEC isolates of serogroup O45. 1 Paa-negative TnphoA mutants of this serogroup lost their AE activity in vitro, suggesting a role of this factor in the AE activity of EPEC strains. 1 In this study, experimental inoculation of newborn pigs with isolates that are EAE ϩ , EAST1 ϩ , Paa ϩ or EAE ϩ , Paa Ϫ resulted in production of diarrhea. This observation suggests that loss of the AE activity of the TnphoA mutants, previously described in vitro, 1 may not necessarily result in loss of pathogenicity in vivo. However, although the wild-type EAE ϩ , Paa Ϫ strain induced diarrhea in piglets, it is possible that this strain, in contrast to the EAE ϩ , Paa Ϫ TnphoA mutant, may possess additional factors that help in induction of diarrhea or may be less pathogenic than the Paa-positive strain.
In general, except for the ETEC isolates of serogroup O149, a variety of serogroups was observed in the different E. coli pathotypes obtained from diarrheic and nondiarrheic piglets. Only a few isolates of the same serogroups but of different pathotypes were detected from both diarrheic and nondiarrheic piglets, suggesting that certain serogroups of E. coli may be associated with diarrhea and others may not. Therefore, serogroup testing along with detection of virulence-associated genes, as done in this study, may be useful to predict the pathogenicity of E. coli from pigs with diarrhea.
Antibiotic sensitivity testing revealed that the isolates from diarrheic piglets were more frequently resistant to antimicrobial drugs than were the isolates from nondiarrheic piglets. These results suggest that the virulence determinant-related genes detected in the pathogenic isolates from diarrheic piglets may be linked, at a certain level, to genes coding for antibiotic resistance. It is also possible that these results reflect antimicrobial usage within the diarrheic group, leading to selection of resistant strains. Although specific isolates of the AIDA-I/STb/EAST1 and AIDA-I/STb pathotypes appeared moderately or highly resistant to certain antimicrobial agents, all were sensitive to enrofloxacin, gentamicin, neomycin, and trimethroprimsulfamethoxazole.
In conclusion, this study shows that approximately 20.5% of E. coli isolates from diarrheic piglets appeared to be associated with at least AIDA-I and STb, which may be regarded as important markers of porcine diarrheagenic E. coli, rather than EAST1 marker. and verocyto-toxin genes in Escherichia coli from diarrhoeal disease in animals using the polymerase chain reaction. Vet Mi- 
